Sweetened condensed milk contains various dispersed particles, such as proteins, fats, and lactose, all of which make it highly viscous. During sweetened condensed milk production, microcrystalline lactose is added in order to control the product crystallization. The purpose of this study was to characterize the behavior of commercially sold sweetened condensed milks submitted to laser particle size analysis using two different dispersion media: water and a lactose solution. The lactose solution dispersion medium extended the length of time the sweeten condensed milk samples' original characteristics were present during the laser diffraction particle sizing measurements that were carried out. Significant difference was observed (p < 0.05) between analysis times when water was used as a dispersing medium versus when a lactose solution was used (p > 0.05). Using a lactose solution as a dispersion medium when determining particle size in sweetened condensed milk prolongs the original characteristics of the sample substance during laser diffraction particle analysis.
INTRODUCTION
Laser diffraction particle analysis is a technique which involves dispersing a sample in a flowing liquid or it could be done by dry via. The particles cause discontinuities in the fluid flow which are detected by an incident laser, and correlated with particle size. 1 Once a certain number of particles is reached, the incident light undergoes different phenomena (diffraction, refraction, reflection and absorption) which in turn create a three-dimensional light envelope. 2 The detectors measure the intensity and the angle of scattered light, then use mathematical algorithms to convert the signal to particle size. 1 Prior knowledge of the sample matter's refractive indexes is necessary in order to analyze the dispersant medium. Laser diffraction analysis is non-specific and the particle distribution present in the samples is determined by grouping the particles by size rather than chemical composition or other segregation criteria. This technique is widely used in food matrix studies, as preparation of size-controlled starch nanoparticles, characterizations of emulsions, studies of the presence of micro-and nanoparticles in drinks and foods and quantitative determination of fat and total protein. [3] [4] [5] [6] [7] Codex Alimentarius defines sweetened condensed milks as dairy products that can be obtained by partially removing water from a milk and sugar solution or any other process that produces a product with the same composition and characteristics. The product must present a minimum of 8 g 100 g -1 of fat, 28 g 100 g -1 of milk solids and 34 g 100 g -1 of protein in non-fatty milk solids. 8 Sweetened condensed milk contains dispersed proteins, fats, and lactose which give it a high viscosity.
The lactose content in commercial sweetened condensed milk is 10.16 g 100 g -1 of the product (37.6 g 100 g -1 of water), resulting a saturated solution of lactose in water. 9 When lactose is present in the solution in excess of 2.1 times the saturation value (20 g 100 g -1 water at 20 °C), spontaneous crystallization occurs. 10 Determining the number of nuclei formed or induced during lactose crystallization is important in order to control crystal growth up until the sugar supersaturation decreases. The available surface area for deposition, viscosity, temperature and mutarotation are also factors that affect crystal growth. 11 Controlling the size of lactose crystals during crystallization in sweetened condensed milk is important in order to obtain a product with desirable sensorial characteristics. Laser particle analysis can be used to determine crystal size during production and shelf storage when certain conditions have been established. The usual liquid for particle size determination in foods is water, the hypothesis of this work is: for sugar crystallized foods solubilization would happens during analysis affecting the results. The aim of the present work was to characterize the behavior of commercially distributed sweetened condensed milk samples via laser diffraction analysis using different dispersant media (water and lactose solution) and determine the influence of solubilization time on the distribution size of particles.
EXPERIMENTAL
Samples from four different brands of sweetened condensed milk purchased in Juiz de Fora, MG, Brazil were analyzed gravimetrically for moisture content, by Kjeldahl method (the total nitrogen in the samples was determined in duplicate, and the nitrogen content was multiplied by the conversion factor 6.38 to obtain the equivalent amounts of protein) 12 for protein content and using the Gerber method (based in acid digestion coupled to centrifugal separation in specific laboratory glassware) 13 for fat content. The content of the fixed mineral residue (FMR) was determined gravimetrically by incinerating the sample in a muffle oven at 550 °C for 10 hours. 14 Sugar content (sucrose and lactose) was obtained by mathematical calculation.
Microphotographs of the samples were taken with an Olympus BX51 optical microscope equipped with a bright halogen light source. Average crystal size was determined using OPUS software. The crystals in the images were counted to calculate the number of crystals present per gram of sweetened condensed milk. In total, Nota Técnica 60 micrographs were taken for each sample (six slides x 10 fields per slide). 15 Particle size distribution during the dissolution of the sweetened condensed milk samples was determined using a Beckman Coulter LS 13 320 Particle Sizing Analyzer (Beckman Coulter, Miami, FL, USA) coupled to a liquid module (Beckman Coulter, Miami, FL, USA).
WATER VERSUS LACTOSE SOLUTION AS A DISPERSION MEDIUM FOR PARTICLE ANALYSIS IN SWEETENED CONDENSED MILK BY LASER DIFFRACTION
Approximately one drop of each sample was added to the liquid module filled with room temperature water to facilitate 47 ± 5% of obscuration in the PIDS (Polarization Intensity Differential Scattering System) photo detectors. The dissolution process was monitored over an eight minutes period and measured every two minutes for a total of five successive measurements. Samples of the same five sweetened condensed milk brands were submitted to the same procedure and conditions using a lactose solution instead of water in the liquid module (necessary adjustments to the apparatus were made). The lactose solution was prepared with a concentrated solution of lactose 23.0% w/w, cooled to 25 °C, filtered, then added to the water in the analyzer reservoir to obtain a concentration of 13.0 ± 0.5% w/w lactose (to approximate the sample lactose). Approximately 750 mL of concentrated solution was used to test each sample. Data were collected at 0.04 to 2000 μm for 90 seconds. The results were obtained using the standard refractive index of the dispersing medium (1.332 water) or (1.352 lactose solution) and the lactose particle refractive index (1.53). 16 Statistical analyzes were performed using Graph Pad Prism 5 software (Graph Pad Software Inc., San Diego, CA, USA). For the treatment variable (water or lactose solution), the Student's t-test was performed simultaneously. For the time variable, a one-way analysis of variance was performed followed by verification using the Tukey test.
RESULTS
The results of the centesimal composition of the market sweetened condensed milks tested are described in Table 1 .
Based on the data obtained, it is worth noting product composition standardization for the five sweetened condensed milk samples tested. Composition is just one quality attribute in the production of sweetened condensed milk. Viscosity, flavor, odor, and crystal size are other important quality attributes in commercially-sold sweetened condensed milks. 10 The data in this study corroborated the results obtained by others works. 9, 17 In the latter study, the centesimal composition of 27 samples of sweetened condensed milk produced in Brazil and 12 samples commercialized in Bangladesh, respectively were evaluated.
The results along with average crystal size are presented in Table 2 .
An inverse relationship between number and mean size of the crystals is expected for sweetened condensed milk. 10 Lactose crystallization takes place due to nucleation crystal growth. During nucleation, lactose molecules organize and aggregate in order to minimize chemical potential in the solution and balance interfacial tension caused by crystal formation in the new phase. During the crystal growth stage, small particles cluster and/or α-lactose molecules bind to the formed nuclei causing them to grow. 18 In the present study, it is not possible to conclude that the reduced size of certain sample crystals was due to the greater number of nuclei present because the samples have been manufactured for commercial sale and the technology used (addition or not of cores by dispersion and, if added, in what quantity) is not known. However, based on the low standard deviation found the sugar contents of the samples, it can be assumed that the correlation may be true.
As to particle size distribution throughout dissolution time, the dissolution profile difference is shown in the Figure 1 .
The value of d 90 shows the maximum particle size and represents 90% of the volume percentage distribution in the sweetened condensed milk samples during laser diffraction particle analysis.
For most of the sweetened condensed milk samples studied, a significant difference was observed (p < 0.05) between analysis times when water was used as a dispersing medium versus when a lactose solution was used (p > 0.05). The first two reading of sample particle solubility/dispersion in water (0 minutes and 2 minutes) were emphasized. There was no difference (p > 0.05) between the measurements performed at 6 and 8 minutes for any of the sweetened condensed milk samples studied. Analysis performed immediately after adding the sample hinders the ability to perform subsequent readings because of the short particle dispersion time. To ensure reliability, the sample needs to be recirculated, regardless of the liquid used for sample dispersion. Therefore, the first laser diffraction particle analysis must be performed after 2 minutes of sample recirculation. Even though non-specified particles, such as the sweetening components, in sweetened condensed milk present a complex analysis matrix and the particle distribution of other components are affected during recirculation, the lactose molecules in the solution play a key role in laser diffraction particle analysis.
The addition of a lactose solution as a dispersion medium promoted disturbances that differ from those found when water was used. The water can be substituted for a lactose solution in order to preserve the crystallized lactose present in the samples and in tern determine particle size. The initial analysis (when the sample profile is as close as possible to the original sample with no dispersant effect) was used to plot the dissolution profile of the samples at 0 and 8 minutes and the final analysis after the dispersion medium had had a maximum effect on the sample.
Using lactose solution instead of water as dispersing medium allowed for a slower dissolution of the analyzed substance and thus a more reliable measurement of particle size in the substance's natural state. The d 90 in Figure 1 shows particle size at 90% distribution per volume (this was higher when measured using a lactose solution); it comes to an approximation of "natural" conditions of the matrices obtained. How concentration differences affect rates of matter migration has been widely demonstrated for different food matrices in scientific studies. [19] [20] [21] 
CONCLUSIONS
Using a lactose solution as a dispersion medium when determining particle size in sweetened condensed milk prolongs the original characteristics of the sample substance during laser diffraction particle analysis. Samples dissolve faster when water is used as the dispersant. For greater reliability of results, a two-minute recirculation of the product in the analyzer is necessary. The laser diffraction particle analyzer is an important complementary tool for studying particle behavior in the product. The adoption of the methodology studied in this article by the food industry needs more studies because sweetened condensed milk varies significantly in composition and in technologies of production.
